Based on the precipitation data of 21 meteorological stations in Poyang Lake basin, the temporal and spatial variability of seasonal precipitation was analyzed by wavelet analysis method. This study adopted the cross wavelet transform to analyze the correlation between the seasonal precipitation and climate indices in time and frequency scales, discussed the possible links between its precipitation variations and climate indices, and preliminarily analyzed its mechanism and regular pattern of variation. The results showed that the oscillations in 2-4 years' and 4-8 years' bands were the main variation periods of seasonal precipitation in Poyang Lake basin. In the 2-4 years' band, the years of rainfall peaks appearing in Poyang Lake were basically consistent with the years when El Niño appeared, and the precipitation oscillations in summer appeared more dramatic in space. According to analysis on the cross wavelet power spectra between different seasonal rainfalls and climate indices, certain correlations between climate factors and seasonal precipitation had existed in specific time periods. Large-scale climate oscillations like the El Niño/Southern Oscillation, North Atlantic Oscillation, Indian Ocean Dipole, and Pacific Decadal Oscillation caused the variability of large-scale circulations through their respective independent or inter-coupled climate systems, and affected the precipitation distribution in Poyang Lake basin by changing local climate conditions like the East Asian Monsoon. During the past decades, global climate change has had a significant impact on the hydrologic cycle (Stocker et al. ), causing large-scale fluctuations of water resources systems (Arnell ; Stocker et al. ). It is virtually certain that, in the long term, global precipitation will increase with increased global mean surface temperature (Stocker et al. ).
INTRODUCTION
Compo ). Wavelet transform could play an important role in analyzing precipitation data, since its local analysis and multiresolution decomposition make the analysis process more efficient and accurate (Kuo & Sheng ) . 
where s is the scale or dilation, n 0 -n shows the number of points from the time series origin, δt is the time interval, N is the number of points, and the overbar indicates the complex conjugate.
We chose the complex Morlet wavelet function, which is commonly used for the wavelet base function:
where ω 0 is a non-dimensional frequency and η is a nondimensional time. Scale-averaged wavelet power is defined as the weighted sum of the wavelet power spectrum over scales s 1 to s 2 :
where δ j is a factor that dictates the scale resolution (chosen as 0.1), and C δ is a reconstruction factor specific to each wavelet form; 
Thus, the wavelet squared coherency is defined as the absolute value squared of the smoothed cross wavelet spectrum normalized by the smoothed wavelet power spectra:
where S is a smoothing operator of the Morlet wavelet, which is given as: where c 1 and c 2 are normalization constants and ∏ is a rectangle function.
Significance test for correlation analysis
A red-noise background spectrum was chosen for the significance test to examine the suitability of the cross wavelet transform. Many hydrological time series can be modeled as red noise. Red noise is a stationary stochastic process.
The joint probability distribution of red noise does not change when it is shifted in time or space. The parameters of red noise, such as mean and variance, also do not change over time or position. A simple example of red noise is the AR(1) model
where α is the lag-1 autocorrelation, x 0 ¼ 0, and z n follows a normal distribution with the mean equal to zero.
The discrete Fourier power spectrum of (6) can be normalized as:
where k is the frequency index.
Therefore, (7) can be modeled as a red-noise series by choosing the lag-1 autocorrelation especially if α ¼ 0 is the white-noise series.
We can deduce (7) to be composed of two time series. If two time series have theoretical Fourier spectra, then the distribution of the cross wavelet power with Fourier red noise spectra P X k and P Y k is
where σ x and σ Y are the respective standard deviations, v is the degree of freedom, and Z v ( p) is the confidence level associated with probability p. At a confidence level of 95%, v ¼ 1 and Z 1 (95%) ¼ 2.182 for the real wavelet. For the complex wavelet, v ¼ 2 and Z 2 (95%) ¼
3.999.

RESULTS
Power Hovmöller of Poyang Lake basin seasonal rainfall The region with a high power spectrum indicates its precipitation oscillation was very dramatic.
Similar regular patterns could also be found for other seasons. Figure 3 Table 2 . The significant years in Table 2 correspond one-to-one with the significant regions in Figure 3 , and thus are more favorable to identify the years with a large precipitation process and the years with less precipitation. ing the tropical Pacific region in the 21st century and have a closer correlation with precipitation variation in terms of regional scale due to the increase in water vapor supply.
In the 2-4 years' band, the years of rainfall peaks appearing in Poyang Lake were basically consistent with the years when El Niño appeared, such as in 1963-1964, 1965-1966, 1972-1973, 1982-1983, and 1997-1998 , when a wide range of El Niño presented. The 2-4 years' band was also similar to the El Niño appearance period.
In order to analyze the spatial distribution of seasonal rainfall under the 4-8 years' band conditions, the timelongitude diagrams of seasonal precipitation in Poyang Lake basin were drawn as shown in Figure 4 . Compared with the time-longitude diagram of the 2-4 years' band ( Figure 3) , except for the slightly dramatic summer precipitation oscillation, the remainder of the seasonal precipitation oscillations appeared much gentler within the whole spatial and temporal ranges. Figure 4(a) was very significant. In the band of Poyang Lake over 4-8 years, the oscillation of winter precipitation (Figure 4(d) )
only existed in local regions at 115.5 W E (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . Likewise, the statistics of the years with significant oscillation under the 4-8 years' band of each station is listed in Table 3 .
Relationship between seasonal rainfall and climate indices
The cross wavelet power spectra reflect the dependency relationships of the correlation to the time and frequency. and are mainly concentrated in the 2-4 years' band. For ENSO (Figure 5(a) ), the spring precipitation amount in , 1968-1972, 1975-1985, and 1987-2000, with the temporal scale mainly in the 2-6 years' band. NAO (Figure 7(b) ) has a significant influence on precipitation in the larger scales such as the 6-8 and 12-16 years' bands.
There were significant regions in the 2-4 years' band during 1990-2000 and in the 5-6 years' band during 1969-1984 in the case of IOD (Figure 7(c) ). PDO (Figure 7(d 
CONCLUSIONS
This study investigated the temporal and spatial variability of seasonal precipitation variations in the Poyang Lake basin, and analyzed the correlation between the seasonal precipitation and climate indices in time and frequency scales. Wavelet transform was used to describe the periodic oscillations. Then, we extended it to different longitude ranges, developed the Hovmöller diagrams for the seasonal precipitation in each meteorological station at different longitudes, and conducted significance tests on them.
The study revealed that oscillation in a band of less than 8 years was the main variability period of the seasonal precipitation in the Poyang Lake basin. In the 2-4 years' band, the years of rainfall peaks appearing in Poyang Lake were basically consistent with the years when El Niño appeared. In the spatial scale, the summer precipitation oscillation was relatively dramatic. According to the analysis of climate indices, the occurrence of El Niño events created the main atmospheric circulation anomalies favorable for much rain in summer in the Yangtze River basin, and was very likely to cause much rain in summer in the Poyang Lake basin. Similar to the occurrence of ENSO events, NAO, IOD and PDO affected large-scale circulations to produce variability through their respective independent or inter-coupled climate systems, and changed the precipitation distribution in the Yangtze River basin and Poyang Lake basin by affecting local climate conditions such as the East Asian monsoon.
